We investigate the variation in doping-induced contrast with photon energy in photoelectron emission microscopy (PEEM) images of Si pn devices using a freeelectron laser (FEL) as a tunable monochromatic light source. Photoyield is observed from p-doped regions of the devices for photon energies as low as 4.5 eV. Band tailing is the dominant effect contributing to the low energy photoyield from the heavily doped pregions. The low intensity tail from the n-regions, however, may be from surface states.
A commercial PEEM (Elmitec) is coupled to the Duke UV FEL. The sample is imaged in a chamber whose base pressure is 5x10 -10 Torr. This system has been described fully elsewhere 4 . Briefly, the microscope includes a magnetic objective lens, a total magnification of 10,000x and a nominal resolution of approximately 10 nm. The FEL storage ring 5 produces coherent UV radiation in the range of 3.5 to 6.4 eV as well as spontaneous radiation from IR to soft X-rays. The results here were obtained using spontaneous radiation in the energy range of 4.5 to 5.2 eV with an average power of roughly 1mW focused to approximately 10 W/cm 2 . The typical output spectrum of the FEL is nearly gaussian with a full-width at half maximum of approximately 0.13 eV.
The samples used for the study were fabricated using a combination of standard photolithography and focused-ion beam (FIB) writing techniques. A lateral array of pn junctions was formed by implanting boron ions (10 18 cm -3 , 190 keV) through a mask into an n-type Si(001) substrate (P 10 14 cm -3 ). Additional lines were produced using FIB writing with 120 keV boron ions to allow a systematic variation of the doping levels. To analyze the PEEM intensity from the image data, line scans perpendicular to the implanted lines were measured for each set of doping levels. In a given image, 20 to 30 parallel scans were averaged to produce an intensity profile across the doped lines of increases. The contrast between p-and n-regions is observed for photon energies well below the nominal photothreshold of 5.1 eV, suggested by Allen and Gobeli for Si(111) 3 .
Significant intensity from the n regions is visible for hν greater than or equal to 4.8 eV.
The variation in image intensity peak height observed for each of the three different implantation concentrations is summarized in Fig. 2 . The data were normalized to the where hν is the photon energy and E T (x) is the photothreshold as a function of bulk depth The lines plotted with the data points in Fig. 2 show the results of calculations of the pregion photoyield, using the approach outlined by Kane for emission from the valence 
